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Abstract
The LAGO project is a recent collaboration that comes from the association of latin american astroparticle re-
searchers. It started in 2005 and it was designed to survey the high-energy component of GRBs. The present work
describes the construction and initial testing of three WCD prototypes, one located in Riobamba at 2784 m.a.s.l., and
two located in Quito, Ecuador at 2400 and 2817 m.a.s.l. respectively. We use a commercial water tank and low cost
accessories to build each detector, which will be later installed at high altitude mountain sites in Chimborazo and
Cotopaxi respectively. Data acquisition and post processing is done using two electronic systems designed for the
LAGO etectors, which were developed by the LAGO Argentina and LAGO Mexico team respectively, and are based
on a digitizer board and a FPGA. In addition, a water protocol procedure is carried out, in order to guarantee a stable
performance of the WCD through time. Computer-aided simulations are being performed to calculate the theoretical
eﬃciency of the WCD, properly calibrate the detector, and standarize the data with other LAGO WCD detectors.
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1. Introduction
The Latin American Giant Observatory (LAGO)
project starts as a network of ground-based Water
Cherenkov Detectors (WCDs) spanning over several
sites in the region, located at diﬀerent altitudes (from
sea level up to 4500 m.a.s.l) and latitudes (from the
tropics to polar regions) [1]. The network measures
with extreme detail the ﬂux of cosmic rays with energy
above ∼ 10GeV as it covers a large range of geomag-
netic rigidity cut-oﬀs and atmospheric levels [2].
LAGO project is mainly oriented to the study of space
weather phenomena and the high energy component of
GRBs. Monitoring the rate constantly and searching for
statistically signiﬁcant ﬂuctuations, we would observe
an excess in the counting rates of secondary particles
produced in Extensive Air Showers (EAS) [2]. This
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technique is known as the single particle technique [3].
Furthermore, by measuring variations in the secondary
ﬂux at ground level we could study Solar Modulation
of galactic cosmic rays and other transient eﬀects [4].
Three detectors are being built in the cities of Quito and
Riobamba, Ecuador. In this work we describe the de-
sign and current status of these WCD detectors as part
of LAGO Ecuador Collaboration. Besides, we report
the detailed chain of simulations performed to analyze
the expected ﬂux of secondaries at the detector level and
to characterize the detector response.
2. Experimental Setup
The LAGO detectors are low cost WCDs, which con-
sist of a cylindrical container made of polyethylene. The
external walls are protected with high-density nonre-
ﬂective black polyethylene to protect the radiator media
and to insulate the inner environment [5]. Internal walls
Available online at www.sciencedirect.com
Nuclear and Particle Physics Proceedings 267–269 (2015) 430–432
2405-6014/© 2015 Elsevier B.V. All rights reserved.
www.elsevier.com/locate/nppp
http://dx.doi.org/10.1016/j.nuclphysbps.2015.10.143
are covered with a bag of white Banner-type material,
supported by a PVC pipes structure, to reﬂect as uni-
formly as possible the Cherenkov light produced inside.
We also use Tyvek as inner lining material ﬂoating in the
upper water surface, which reﬂects light in a highly dif-
fusive way in the range between 300 and 500 nm, where
PMTs operate more eﬃciently.
Each commercial water tank is ﬁlled with water and
a downward facing photomultiplier (PMT) is placed at
the top and the center of the tank (Fig. 1). The PMT
photocathode is submerged to avoid losses by any air-
water interface. In order to increase the measurable light
yield of Cherenkov radiation that reaches the PMT, we
requiere the light attenuation in water as low as pos-
sible. Therefore, water quality studies on conductivity
and attenuation length are being performed. The PMT
Figure 1: WCD system description.
is connected to a DAQ system of low power consump-
tion. The system consists of an ADC daughter board,
which ﬁlters and ampliﬁes the signal prior to the Analog
to Digital Conversion. It is a 4-channel ADC daughter-
board with two dual 10-bit ADC chips (AD9216 from
Analog Devices) running at 100 [MSPS]. The digitizer
board is connected to a Digilent Inc, NEXYS-2 FPGA
board for real-time data processing obtaining signals ev-
ery 10 ns [5].
The PMT converts the signals, deposited in the de-
tectors by charged particles, into negative pulses with
typical widths of 5−10 ns. These pulses are conditioned
and shaped inside the ADC board into positive pulses.
Initially we will run the DAQ system in trace mode, this
means ﬁxing a threshold trigger of the input pulse. In
this way, whenever a pulse is higher than the threshold,
a full trace of the pulse is captured. Integrating the trace
allows to get the information of the charge and energy
deposited by particles in the detector [5].
2.1. Detector Status and Construction
Three detectors are being installed in Ecuador. Two
of them are located in Quito: “Panchito” WCD is lo-
cated at USFQ (0◦ 11’S, 78◦ 26’ O, 2400 m.a.s.l.) and
has an eﬀective area of 0.95 m2, “Politanque” WCD
(Fig. 2) is located at EPN ( 0◦ 12’ S, 78◦ 29’ O, 2817
m.a.s.l.) with 0.53 m2 of eﬀective area. Both detec-
tors have a EMI 5” 9530 PMT located at the top cen-
ter of each tank. “Politanque” and “Panchito” WCDs
construction was completed in October 2014 and DAQ
system is under installation. The third detector uses a
Figure 2: “Politanque” detector located at EPN, Quito (2817 m.a.s.l).
8” Hamamatsu R5912 PMT. “Chimbito” is located in
Riobamba (2794 m.a.s.l.) at ESPOCH (1◦ 39’ 58” S,
78◦ 39’ 33” O) and has an eﬀective area of 0.95 m2.
In September 2013 started taking data until a DAQ fail-
ure was reported in January 2014. A typical pulse and
charge histogramwere obtained from ﬁrst collected data
[6].
3. Simulated secondary ﬂux
We simulated the development of proton, photon and
hadron initiated EAS for the two sites in Quito. The
strategy used follows a general approach adopted by
other LAGO sites for this kind of studies. We consid-
ered the primary ﬂux at the top of the atmosphere, tak-
ing into account the measured spectra for nuclei with
1 ≤ Ap ≤ 56 and the U. S. Standard Atmosphere model.
Primary energies (Ep) were considered from 103 GeV to
106 GeV with zenith angles between 0◦ to 90◦. Showers
were simulated using the Extensive Air Showers pack-
age CORSIKA v7.350 [7]. QGSJET model was used.
The geomagnetic ﬁeld at this latitudes (Bx =27.09 nT,
Bz =11.05 nT) was taken into account. We obtained the
secondary ﬂux at detector level (Fig. 3) as function of
the primary energy Ep at the two sites. We analyse the
nature, number and energy spectrum of secondary par-
ticles reaching the ground level as function of the their
momentum. The mean number of secondary photons is
about one order of magnitude above the mean number
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Figure 3: Simulated secondary ﬂux at detector level for “Panchito”
WCD at 2400 m.a.s.l.
of e+/e , while the number of muons starts to be impor-
tant after ∼ 1 TeV for the two sites. Some diﬀerences
are observed for the two Quito sites due to their altitude
diﬀerence.
4. Detector Response Simulation
Figure 4: (a) Tank containing water simulated with GEANT4, with
banner structure included. (b) Vertical muon, Ep=1 GeV, crossing
through the tank. As a ﬁrst step, we obtain the EM component of the
shower generated inside the tank. Preliminar results.
The response of the “Panchito” detector to the EAS
particles reaching the ground is simulated using a
GEANT4 [8] (v4.10.0) based MC simulation. Param-
eters taken into account are water absorption and re-
fraction index, reﬂectivity of the inner walls of the tank
(banner). Using the ﬂuence of secondary particles at
detector level obtained from CORSIKA simulations, it
is possible to determine the number of photons that hit
the detector by deﬁning a sensitive area to simulate the
surface of PMT. As a ﬁrst approximation we use muons
to do the corresponding simulations. Simulated muons
crossing through the tank are shown in Fig 4.
5. Summary and Outlook
Three LAGOWCD detectors have been implemented
in Ecuador. We have ﬁnished the construction of two
detectors in Quito, taking special care in insulating the
electronics from moisture. Some tests must be per-
formed before we start data adquisition in December
2014. The output signal will be calibrated with the ﬁrst
collected data. In addition, we have simulated the sec-
ondary ﬂux at detector level using CORSIKA, although
some changes must be made in order to take into ac-
count rigidity cutoﬀ studies of each site. We have also
simulated theWCD response to muons crossing the cen-
ter of the tank using GEANT4. In order to complete the
full detector simulation we will determine the number
of photons that hit the detector and compare our results
with measurements taken from data.
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